Metastatic renal cell carcinoma (RCC) is resistant to conventional chemotherapy and radiotherapy. However, immunotherapy appears to be effective in 15-20% of cases, with interleukin-2 becoming the standard therapy for this disease. As a consequence of the immune susceptibility of RCC, other avenues of immunotherapy are being explored, such as nonmyeloablative allogeneic stem cell transplantation (NST). A number of trials have shown NST to be effective in varying degrees, causing partial or complete regression. Although nonmyeloablative conditioning is safer than myeloablative conditioning, its role has yet to be clearly proven as many studies have shown variable effect. Alongside this limitation, transplant-related toxicity also forms obstacles. Regardless of the limitation of NST, further refinement of the technique, with appropriate patient selection, may lead to this being an effective therapeutic choice for a significant number of individuals.
INTRODUCTION
An estimated 6600 people will be diagnosed with renal cell carcinoma (RCC) in the U.K. every year, representing 2% of all cancer diagnoses, with approximately 3600 cancer-specific deaths. RCC typically occurs between the 6 th and 7 th decades and affects men almost twice as often as women [1] . The classical presentation of RCC with loin pain, haematuria and a renal mass somewhat belies the fact that this triad is only present in 5% of cases. It is estimated that between 50-60% of RCC cases are identified as incidental lesions during a radiological examination [2, 3] . In the modern era, an increasing number of patients are diagnosed at an earlier stage due to the increased use of diagnostic testing with ultrasound, computed topography, or magnetic resonance imaging. However, many still have advanced disease at presentation; a quarter of patients present with advanced disease that is either locally invasive or metastatic whilst a third of patients with localised disease will subsequently have a recurrence [4] . Metastatic disease has a poor prognosis with a median survival of 6-10 months and an overall 2-year survival of 10-20% [5] . Metastatic RCC (mRCC) is a treatment challenge with low response rates to many chemotherapeutic agents. Therefore, the need to identify new therapeutic agents and novel therapeutic approaches is paramount [6] .
In this article, we review the reasons why traditional chemoimmunotherapeutic agents have limited effect on mRCC, and discuss the rationale and the results to date for using allogeneic stem cell transplantation in this aggressive disease.
REVIEW CRITERIA
A comprehensive search of Medline, PubMed, and Current Contents Databases was carried out for publications between January 1980 and August 2006 using the search terms 'renal carcinoma or renal cancer' in combination with 'allogeneic stem cell transplantation' or 'immunotherapy' or 'chemotherapy'. Manual searches of articles to supplement electronic searches were also carried out.
CHEMOTHERAPY FOR RENAL CELL CARCINOMA
Conventional chemotherapy-based treatment of metastatic disease has response rates of less than 15% and clearly fails to prolong survival [7] . Recently, a number of studies have investigated the use of single agent and a combination of agents (which have been shown to be successful in treating other cancers) in the treatment of mRCC [8, 9, 10, 11, 12] . It was disappointing that none of these studies demonstrated encouraging effects beyond the response rates of 15% or less shown by Yagoda et al. in 1993 . It has been postulated that one important reason might be the overexpression of the multidrug-resistance (MDR) genes/P-glycoprotein 170, which act as efflux pumps that reduce the intracellular concentration of drugs and hence their effectiveness.
IMMUNOTHERAPY FOR RENAL CELL CARCINOMA
The immune system has an important role in the control and potential treatment of mRCC. In 1928, Bumpus reported the first case of spontaneous regression of mRCC postnephrectomy, which was attributed to an antibody-mediated immune response [13] . The incidence of spontaneous regression is thought to be less than 1% [14] and RCC has been found to undergo spontaneous regression more frequently than other cancers [15] . The mechanism whereby this occurs is poorly understood, but thought to be immune related.
The two cytokines explored for mRCC immunotherapy are interleukin-2 (IL-2) and interferon alpha (IFN-α). IL-2 is involved in the growth and differentiation of T cells, B cells, and natural killer cells. Thus, it does not have a direct antitumour activity, but is thought to modify and up-regulate tumour-host immune responses. This lymphokine has demonstrated a clinical response rate of 10-20% in patients with mRCC [16] , which is only slightly greater than chemotherapy. However, in one study, 5-7% of patients had a complete response that lasted for 2 years in 80% of these patients [17] . In two recent randomised studies, high-dose IL-2 led to a higher complete response rate than low-dose IL-2 [18, 19] . Worryingly, IL-2 treatment is associated with a mortality of approximately 1%, although this value is decreasing [17] .
INF-α is involved in the activation of natural killer (NK) cells and macrophages [20] , and has a clear role as an antitumour agent [21] . Antiangiogenic effects of IFN-α have also been observed [22] . Response to IFN-α is approximately 12% [23] , although greater survival is associated with a high-performance status of the patient and those who are treated postnephrectomy [24] . Interestingly, a combined complete and partial response of 30% has been reported [25] . Long-term survivors have been seen with IFN-α, although duration of response rarely exceeds 2 years [24] . Combined treatment with IFN-α and IL-2 can increase response rates, but not survival; this was demonstrated by a response rate at 25 weeks of 2.9% with Il-2, 6.1% with INF-α alone, and 13.6% with the two combined [26] . Although both these agents have clearly helped to reduce the disease burden in a significant number of sufferers, there is still much room for improvement and long-term survival of mRCC treated with cytokines remains a rare event [27] .
CHEMOIMMUNOTHERAPY FOR RENAL CELL CARCINOMA
The combination of cytokine immunotherapy with chemotherapeutic agents can potentially further enhance antitumour activity. Regimens combining immunotherapy with intravenous (IV) 5-fluorouracil (5-FU) achieved response rates varying from 12-39% [28, 29, 30] , whilst combinations with IV vinblastine gave response rates between 20-39% [30, 31, 32] . 13-cis-Retinoic acid (po-13Cra) given orally is another agent that may be added to regimens as it is involved in regulation of cell differentiation. It enhances antitumour efficacy of INF-α [33] , as well as combined INF-α and IL-2 therapy with response rates varying between 17-30% [34, 35] . Atzpodien et al. [36] have recently compared groups of patients on four differing regimens. They showed objective response rates of 29% with subcutaneous (sc) IL-2, sc-INF-α-2a, and po-13Cra. When either inhaled IL-2 or IV 5-fluorouracil or po-Capecitabine were added to this regimen response rates of 31, 19, and 26% were obtained respectively. This trial did not show any significant beneficial effect in adding to the sc-IL-2/sc-INF-α-2a/po-13cra regimen. Another recently published trial of low-dose vinorelbine combined with IL-2 showed a response rate of 43%. Whilst this is promising, the numbers involved were too small for definitive conclusions to be made with regard to this treatment [37] .
It is also necessary to briefly mention some other biological treatments that have shown some promise recently. A number of review articles are available on the subject [38, 39, 40, 41, 42] . Detailed discussion of these agents is beyond the scope of this review, but suffice to say that the majority of these agents are targeted at vascular endothelial growth factor (VEGF) and its signalling pathways. Phase II studies have shown promising activity for these agents and results of phase III studies will determine the role of these agents in mRCC.,
In fact, many of the trials to date with chemoimmunotherapy do not provide definitive information on treatment and, as a consequence, other approaches, such as allogeneic stem cell transplantation, have been explored as an alternative therapeutic modality.
ALLOGENEIC STEM CELL TRANSPLANTATION
This procedure has been used successfully to treat patients with haematological malignancies for many years. It involves intensive chemotherapy or radiotherapy in order to induce a direct cytotoxic effect on malignant cells whilst ensuring that the stem-cell allograft is not rejected. This is followed by infusion of human-leukocyte-antigen (HLA)-compatible donor haematopoietic stem cells from bone marrow or peripheral blood stem cells. This allows the recipient to restore haematopoietic function and to replace NK cells and T and B lymphocytes. These donor immune cells mediate potent antitumour effects on malignant cells that survive the conditioning regimen [43] . Such a donor immune-mediated antitumour response is termed graft-versus leukaemia or graft-versus tumour (GVT), and is recognised to have a curative capacity independent of the cytotoxic conditioning regimen. Immunosuppressive agents that act as prophylaxis against graft-versus-host-disease (GVHD) are usually withdrawn after 30-60 days, provided GVHD is not active.
Initial evidence supporting the GVT effect came from animal studies showing that allogeneic T cells could induce a GVT effect in murine mammary carcinoma [44] . Evidence of GVT effects in solid tumours in humans came from patients with metastatic breast cancer who were observed to have partial regression of metastatic disease during periods of acute GVHD. Eibl et al. [45] reported the case of a 55-year-old woman suffering from refractory breast cancer who underwent stem cell transplantation from an HLA identical sibling and showed regression of a liver metastasis coinciding with the onset of acute GVHD. Ueno et al. [46] published a series of ten patients with metastatic breast cancer who were treated with stem cell transplantation. They showed 6 out of 10 patients with an objective remission. However, failure of patients to achieve complete responses and the regimen-related mortality (25-30%) associated with myeloablative conditioning hindered further investigations. As myeloablative conditioning is associated with marked mortality and because RCC is refractory to chemotherapy, a nonmyeloablative approach offered potential for reduced toxicity whilst maintaining or approaching the cancer control effect of myeloablative techniques. Therefore, this approach seemed the correct direction to take in investigating the role of allogeneic stem cell transplantation in mRCC.
NONMYELOABLATIVE ALLOGENEIC STEM CELL TRANSPLANTATION (NST)
This procedure relies on sufficient immunoablation of the host by reduced intensity conditioning (RIC) before NST, but without causing myeloablation. It is therefore suitable in those patients who are unfit or would stand a high risk of mortality or substantial morbidity from myeloablative regimens. It is still necessary to institute immunosuppression after NST to avoid graft rejection and early GVHD [47] .
What is interesting about this treatment is the phenomenon of mixed chimerism found in patients post-transplantation in which recipient and donor cells coexist in the peripheral blood. This is advantageous as it aids engraftment and decreases GVHD, but unfortunately also reduces the GVT effect. A substantial GVT effect is only seen when complete donor T-cell chimerism takes place, usually after withdrawal of post-transplantation immunosuppression or when post-transplant donor lymphocyte infusion (DLI) is given. NST has been shown to be effective in haematological malignancies [48, 49] and is now being studied in a range of solid tumours including mRCC.
NONMYELOABLATIVE ALLOGENEIC STEM CELL TRANSPLANTATION IN METASTATIC RENAL CELL CANCER
The first clinical data on the treatment of mRCC with NST was published by Childs et al. in 2000 [50] . In this study, 19 patients who were refractory to immunotherapy underwent NST from a related HLAcompatible donor. A sustained engraftment of the allograft was achieved in all patients. In addition, eight patients received DLI for conversion of mixed chimerism to complete donor T-cell chimerism or if rapid tumour progression occurred. Seven of these patients had a partial response and three had a complete response. The responses were typically delayed, and in most responding patients, this only occurred after immunosuppression withdrawal and/or when DLI was instituted. Again, tumour response was correlated with the onset of GVHD supporting GVT as the primary mechanism of action. In this series, two patients died of transplant-related complications.
Since this initial series, a number of other groups have evaluated NST for mRCC, using various conditioning regimens and GVHD prophylactic agents ( Table 1 ). The response rates of these trials has varied from 8-57% as has the transplant related mortality (TRM), with two of these trials showing no tumour response at all (Table 2) .
Two series showed no GVT effect at all and, interestingly, these showed that patients died earlier due to tumour progression at a median of 3 and 5.5 months [53, 60] . The fact that GVT effect is delayed for solid tumours whilst tumour progression may be promoted during GVHD prophylaxis [63] points to the importance of appropriate patient selection. In addition, the response rate variation across series, even when similar regimens were used, further suggests that patient selection may account for those series with higher response rates [64] . Which group of mRCC patients would benefit from NST is presently difficult to evaluate. It may be that selecting patients who are refractory to immunotherapy may in itself lead to a more aggressive group being treated in these studies and diminish treatment effect (see Table 1 ).
However, using NST as a primary measure in mRCC in future phase II trials may not be justifiable ethically since the treatment carries such high risk to the patient. [60] 100 Fludarabine Cyclophosphamide
Tacrolimus Methotrexate # Recipients of unrelated NST were also given thymoglobulin and 2 additional days of fludarabine (five patients).
* First three received cladarabine and remainder received fludarabine as cladarabine was no longer available.
+ One patient received MMF in addition after an unrelated donor transplantation.
Failed immunotherapy was either IL-2, INF-α, or both.
COMPLICATIONS OF NONMYELOABLATIVE ALLOGENEIC STEM CELL TRANSPLANTATION
Despite the reduced toxicity of low-intensity conditioning, the mortality rate is substantial in a population of patients that generally has a poor performance before treatment because of malignant disease. The mortality from conditioning regimens in HLA-matched donors is still 10-20%, and greater than 20% if unmatched donor stem cells are used.
With the regimens used in stem cell transplantation, there can be a number of complications, such as infections (bacterial, fungal, and viral), venoocclusive liver disease, haemorrhagic cystitis, and most importantly, GVHD. These complications present barriers to safe and effective use of this treatment method. [54] 10 Yes (30%) 20 Ueno et al. [55] 15 Yes (20%) 20 Nakagawa et al. [56] 9 Yes (11%) 0 Massenkeil et al. [57] 6 Yes (33%) 0 Blaise et al. [58] 25 Yes (8%) -Tykodi et al. [59] 8 Yes (13%) 0 Rini et al. [60] 22 No 9 * Recent update from this group reports responses in 21 of 47 patients [61] .
+ Recent update from this group reports responses in 17 of 61 [62] .
GVHD can be acute (within 2-3 months of transplantation), chronic (3-6 months after transplantation), or both. Acute GVHD causes diarrhoea, dermatitis, and hepatitis, and is treated with a range of immunosuppressive agents. Chronic GVHD has features in keeping with autoimmune disorders, such as scleroderma, and responds to immunosuppressive agents early in the course.
DONORS
Where possible, the ideal donor is a sibling with the same two HLA haplotypes as the recipient. An identical twin is the most suitable donor from an immunological point of view, but allogeneic stem cell transplantation between twins (syngeneic transplant) is associated with an increased relapse rate [65, 66] . Relapse is presumed to be higher because residual cancer does not present alloantigens to donor cells [67] . In some cases, HLA-identical family members other than siblings can be used. In addition, partially HLAidentical family members can be used with success approaching that of matched siblings.
Unfortunately, only 30% of all patients have a family donor and the use of HLA-matched unrelated donors (MUD) has increased over time [68] . Due to improved matching techniques, transplants with MUD have improved and approach the success rate for those undergoing transplantation from siblings [69] . Hentschke et al. [54] treated ten patients with NST for mRCC, but only five had an HLA-matched sibling donor with the remainder receiving MUD transplants. Graft rejection occurred in only one patient who was actually in the matched sibling group. In addition, whilst grade 2-4 GVHD occurred in 40% of the MUD group, it actually occurred in 60% of the matched sibling group.
Umbilical cord blood (UCB) represents another potential donor source for NST as it is rich in haematopoietic stem cells. Advantages of UCB are its rapid availability and the reduced risk of GVHD due to the deficiency of mature T cells. This fact allows for some degree of mismatch, although drawbacks from such an approach include an increased incidence of graft failure and a slower engraftment, which results in more infections. Recent reports have demonstrated the feasibility of cord blood transplantation, using reduced intensity regimens for adult patients with advanced haematological malignancies [70] . Such an alternative donor approach needs to be investigated for NST in solid tumours in order to potentially allow more people to benefit from this therapy. However, this route is controversial. Much of this revolves around storage of stem cells, the consent needed for the blood; parental consent to test for diseases to allow it to be used; and the fear that parents may have another child in order to cure a sibling are difficult issues which have raised concerns [71] .
CONCLUSION
The lack of effective treatments for mRCC continues despite numerous therapeutic strategies. The ability of NST to introduce a donor-immune system into a patient with mRCC may be one modality that can reduce the mortality from this disease in a proportion of patients. However, the majority of studies evaluating the effectiveness of NST have shown variable responses. Nonetheless, they have proven that clinically significant regression of the tumour can occur. There are clear difficulties to overcome. Early indicators show that patients need to be selected with appropriate mRCC disease features, such as slow progression, in order to allow for the timely delivery of NST. In addition, if NST is to become more commonly used, the antitumour GVT effect needs to be separated from the antirecipient GVHD effect.
